Unchanged Mitochondrial Organization and Compartmentation in Creatine Deficient GAMT-/- Mouse Heart  by Branovets, Jelena et al.
314a Monday, February 4, 2013encoding soluble epoxide hydrolase (sEH), attenuated the development of hy-
perglycemia in response to the pancreatic toxin, streptozotocin. Immunoblots
of five week old Akita heart homogenates showed a 30% increase in expression
of sEH (P<0.01). By twelve weeks, cardiac sEH increased 145% þ/- 20%
compared to control littermates (P<0.001) but no differences were found in
hearts from 3 or 4 week old mice. qPCR results suggest that these changes
are driven largely by transcriptional regulation with no differences in
EPHX2 gene expression at 3 and 4 weeks and a 50% and 100% increase at
5 and 12 weeks respectively. In addition, immunoblots indicate an approximate
100% increase in sEH in gastrocnemius tissue of 12 week old Akita mice
(P<0.01). Our results suggest that an increase in sEH is a key factor in the de-
velopment of diabetic cardiomyopathy. Furthermore, the increased presence of
this protein in multiple tissues suggests that it may be useful as a diagnostic
target.
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Background: Hypercholesterolemia is associated with alteration of the lipid
composition of the sarcolemma which may cause augmentation of the L-type
calcium current (ICaL) and appears to be protective against ventricular fibrilla-
tion in patients with myocardial infarction.
Hypothesis: Hypercholesterolemia increases ICaL resulting in action
potential (AP) prolongation which protects against ischemia induced
arrhythmias.
Methods: ECG was measured in LDL-receptor knockout (LDLr-/-) mice with
elevated LDL cholesterol and wild type mice (WT). AP, ICaL and calcium
handling were determined in left ventricular myocytes. In perfused hearts the
left anterior descending artery was ligated. Arrhythmia inducibility was tested
every 30s by three premature stimuli with a coupling interval of 10ms longer
than the refractory period followed by a 500ms pause. Area at risk (AAR)
was determined with Evans Blue.
Results: Cholesterol concentration in left ventricular myocytes was higher in
LDLr-/- mice than WT (34.452.8 vs 25.550.4 mmol/gr protein) resulting in
AP and QTc prolongation (APD90 10254 vs 84.453.1, QTc 50.951.3 vs
43.851.18ms and increased ICaL (12.151.1, and 9.450.7 pA/pF) and
calcium transient amplitude (7454 vs 3553 nM). The incidence of induced
premature beats was not significantly different. In 7/7 LDLr-/- and 8/9 WT
hearts arrhythmias could be provoked. In LDLr-/- hearts, only 5/412 induction
attempts resulted in VT/VF whereas in WT hearts 30/477 induction attempts
resulted in VT/VF. (p<0.05) The AAR was not different between LDLr-/-
and WT mice.
Conclusion: Hypercholesterolemia protects against the occurrence of re-
entrant arrhythmias during myocardial ischemia by QTc and AP prolongation
due to increased ICaL.
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OBJECTIVE: In chronic heart failure, it is well known that an increase in
serum fatty acid (FA) due to adrenergic stimulation induces myocardial
insulin-resistance, which further deteriorates myocardial function. Since
precise mechanisms of pathogenesis in FA-induced myocardial insulin-
resistance is still elusive, we in this study investigated the relationship between
FA-induced myocardial insulin-resistance and mitochondrial dysfunction,
using an ex vivo insulin-resistant myocytes model.
METHODS and RESULTS: The differentiated H9c2 myocytes were treated
with saturated FA (palmitate; 0.2 mM) for 24 hours to produce the ex vivo
insulin-resistant myocytes. The palmitate-treated myocytes exhibited an im-
paired insulin (100 nM)-mediated 2-deoxy-D-glucose (2DG) uptake (1.0 5
0.1 fold increase from without insulin vs. 1.7 5 0.1 of control, P< 0.01) and
attenuated phosphorylation of insulin signaling molecules (IRS-1 and AKT),
indicating insulin-resistance. When myocytes were pretreated with perhexiline
(2 mM; an inhibitor of mitochondrial FA uptake) the reduced 2-DG uptakes
(1.25 0.1 fold increase from without insulin vs. palmitate-treated myocytes,
P< 0.01) and attenuated phosphorylation of insulin-signaling were restored.
The palmitate-treated myocytes revealed the intracellular ATP reduction
(74 5 6 % decrease from control, P< 0.01; luciferase assay), mitochondrial
membrane potential depolarization (JC-1 ratio of 590/528 nm: 2.9 5 0.1 vs.5.3 5 0.2 of control, P< 0.01), indicating mitochondrial dysfunction. When
the myocytes were pretreated with perhexiline, the reduced intracellular ATP
levels (32514 % increase from palmitate-treated myocytes, P< 0.01) and de-
polarized mitochondrial membrane potential (JC-1 ratio: 3.5 5 0.1 vs.
palmitate-treated myocytes, P< 0.01) by palmitate were restored, indicating
the improvement in mitochondrial function.
CONCLUSION: Our findings indicated that mitochondrial dysfunction via mi-
tochondrial FA overload may underlie the pathogenesis of myocardial insulin-
resistance under HF.
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Oxidative Stress by Hydrogen Peroxide Reduces Cardiac Contractile
Protein Performance and Enhances Cardiomyocyte Calcium Release
Ting Yi, Bradley M. Palmer.
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Cardiac oxidative stress correlates with diminished left ventricular function and
has emerged as a public health concern.Hydrogen peroxide (H2O2) is considered
the most relevant reactive oxygen species in vivo. Cardiac zinc status appears to
protect against the detrimental effects of H2O2, although themechanisms are not
known. We examined the role of H2O2 in modulating the performance of cardi-
omyocytes in 36 rats divided into three diet groups: zinc deficient, normal and
abundant. Cardiomyocytes were isolated and exposed to 50 mM H2O2. within
5 min intracellular zinc ion (Zn2þ) rose as observed by FluoZin-3. Confocal mi-
croscopy demonstrated that Zn2þ diffused away from I-band of the intact cardi-
omyocyte after H2O2. Zinc normal and abundant groups showed significant
intracellular Zn2þ release (2.450.4 nM and 1.950.4 nM, respectively) com-
pared to zinc deficient group (0.750.2 nM). There were H2O2-dependent
changes in sarcomere and calcium dynamics in all three zinc diet groups, al-
though no differences in response to H2O2 among the groups. Sarcomere peak
shorteningwas significantly increased (p<0.001) and diastolic sarcomere length
was reduced after H2O2 exposure compared to control. Peak systolic calcium
was elevated (p<0.05) by H2O2. We then explored the H2O2 effects on cardiac
contractile proteins. Skinned rat myocardium displayed shorter myosin cross-
bridge time-on and reduced tension after 100 mM H2O2 exposure compared to
control condition. In sliding filament experiments actin velocity was decreased
from 0.7450.17 mm/s to 0.3050.1 mm/s after 100 mMH2O2 pretreatment of pu-
rified rabbit cardiac beta-myosin for 30min. These data collectively suggest that
oxidative stress due to H2O2 enhances calcium availability at the cellular level
while reducing contractile protein performance at the molecular level and that
cardiac zinc status does not protect against changes in cardiopmyocyte perfor-
mance after H2O2 exposure.
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Hexokinase Isoforms and Glucose Metabolism in Adult and Neonatal
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Guillaume Calmettes, Scott John, James N. Weiss, Bernard Ribalet.
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Localization of hexokinase (HK) isoforms to the cytoplasm or mitochondria
controls their anabolic (glycogen synthesis) and catabolic (glycolysis) activi-
ties. In this study, we compared the effects of HKI and HKII in isolated adult
(ARVM) and neonatal rat ventricular myocytes (NRVM) using a set of novel
genetically-encoded optical imaging tools to track, in real-time, the subcellular
distributions of HKI and HKII, as well as the functional consequences on glu-
cose utilization. We show that HKII, the predominant isoform in ARVM, dy-
namically distributes between the mitochondria and cytoplasm. Removal of
extracellular glucose displaces HKII from mitochondria in ARVM, but not in
NRVM, whereas iodoacetate (IAA) displaces HKII in both. HKI, the predom-
inant isoform in NRVM, always remains bound to mitochondria when overex-
pressed in either AVRM and NRVM, and is not displaced by the above
interventions. In ARVM, overexpression of HKI, but not HKII, increased gly-
colytic activity. In NVRM, knock-down of HKI, but not HKII, decreased gly-
colytic activity. Swapping the N terminus between HKI and HKII, as well as
specific mutations, revealed that the N terminus of HKI is necessary, but not
sufficient, for high affinity mitochondrial binding to promote glycolysis. In con-
clusion, HKI and HKII play major roles in defining the different metabolic pro-
files of ARVM and NRVM, accounting for the markedly increased glycolytic
activity of NRVM.
1605-Pos Board B497
Unchanged Mitochondrial Organization and Compartmentation in
Creatine Deficient GAMT-/- Mouse Heart
Jelena Branovets1, Mervi Sepp1, Svetlana Kotlyarova1, Natalja Jepihhina1,
Niina Sokolova1, Dunja Aksentijevic2, Craig A. Lygate2, Stefan Neubauer2,
Marko Vendelin1, Rikke Birkedal1.
1Institute of Cybernetics at TUT, Tallinn, Estonia, 2University of Oxford,
Oxford, United Kingdom.
Monday, February 4, 2013 315aCreatine kinase (CK) system plays an important role in the buffering and trans-
port of high energy phosphate bonds from energy-producing mitochondria to
energy-consuming ATPases. Previous studies suggest that disruption of the cre-
atine kinase system in hearts of CK-deficient mice leads to cytoarchitectural
modifications in the heart and changes in regulation of mitochondrial respira-
tion. In this work, we tried to find out whether similar changes occurred in cre-
atine deficient mouse model, where creatine synthesizing enzyme
guanidinoacetate methyltransferase (GAMT) was knocked out. The aim of
this study was to characterize the modifications in cardiomyocyte mitochon-
drial organization, regulation of respiration and intracellular compartmentation
in GAMT-deficient mice.
Three-dimensional mitochondrial organization at whole cell level was assessed
by confocal microscopy. Kinetic measurements on permeabilized mouse cardi-
omyocytes included the affinity of oxidative phosphorylation to exogenous
ADP and ATP, competition between mitochondria and pyruvate kinase for
ADP produced by ATPases, ADP-kinetics of endogenous pyruvate kinase
and ATP-kinetics of ATPases. using fluorescence microscopy, ADP-kinetics
of respiration was measured on a single cell level. The experimental results
were analyzed by mathematical models to estimate intracellular diffusion re-
strictions and communication between cellular compartments. Quantitative
analysis of measured morphologic and kinetic data, as well as derived model
fits show no difference between GAMT-deficient and wildtype mice. Thus,
we conclude that inhibition of the CK-system by GAMT-deficiency does not
alter mitochondrial organization, regulation of respiration and intracellular
compartmentation in relaxed cardiomyocytes. This raises questions on the im-
portance of the CK system as a spatial energy buffer in the heart.
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In the heart, there are two pathways for nitric oxide (NO) signaling, the classic
cGMP-PKG and S-nitrosation of proteins. The nitrosation pathway involves an
oxidation of cysteine thiols by nitrosonium NOþ, and can therefore be a signif-
icant, reversible post-translational modification of proteins. Previous studies
using NO donors such as S-nitroso-N-acetylpenicillamine (SNAP) were unable
to resolve between to two pathways. We hypothesized that nitrosation is an im-
portant post-translational modifier of myocardial contractility. To test this hy-
pothesis, we examined the effects of S-nitroso-L-cysteine (CysNO), a selective
nitrosonium donor that is actively transported into the cell, on sarcomere short-
ening in unloaded mouse cardiac myocytes. Perfusion of cardiac myocytes with
CysNO (30 mM) resulted in the reduction of sarcomere length changes by
~80%. This period of blunted sarcomere length changes was followed by
a ~15 second exponential recovery in sarcomere length. During the recovery
phase, the maximal velocities of shortening and re-lengthening were dimin-
ished. Our data suggest a possible in vivo role of NOþ in regulating myocardial
contractility.
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Tamoxifen-inducible Cre-mediated gene excision is an important tool for spa-
tiotemporal study of cardiac gene function, but tamoxifen administration can
cause transient dilated cardiomyopathy and severely diminished contractile
performance in MerCreMer transgenic mice. This phenomenon has been attrib-
uted primarily to the presence of modified estrogen receptor (MER), which
binds tamoxifen but not endogenous estrogen. However, other studies point
to a non-genomic acute effect of tamoxifen alone to alter functional properties
of cardiac myocytes. To further determine whether tamoxifen-mediated con-
tractile dysfunction occurs independently of MER, we measured sarcomere
length and calcium transients in isolated adult rat cardiac myocytes acutely
treated with tamoxifen. Previously we reported a dose-dependent decrease in
the peak height of contraction and relaxation rate in tamoxifen-treated cells.
This was accompanied by a decrease in peak calcium and calcium decay
rate. Here, we present a comparison between tamoxifen and its active metabo-
lite 4-hydroxytamoxifen, which is a more potent modulator of estrogen receptor
signaling than tamoxifen. Results show a similar dose-dependent decrease in
cardiac myocyte function with 4-hydroxytamoxifen, with decreased peak
height and relaxation rate associated with decreased peak calcium and calcium
decay rate. Importantly, the magnitude of effects was similar, suggesting a di-
rect effect of tamoxifen and 4-hydroxytamoxifen to inhibit myocyte function,
independent of the presence of MER. In addition to MER-dependent effectsin tamoxifen-treated MerCreMer mice, the direct effect of tamoxifen should
also be considered in understanding cardiotoxicity in MerCreMer transgenic
mouse models.
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We have investigated the effect of the selective ‘exchange protein directly
activated by cAMP’ (Epac) activator 8-pCPT-2’-O-Me-cAMP (8-CPT) on
the viability of adult rat ventricular myocytes (ARVMs), in the presence or
absence or isoproterenol (ISO). ARVMs were exposed to 8-CPT, ISO or ISO
þ 8-CPT for 24 hours under cell culture conditions. In the presence of
8-CPT alone, cell viability decreased by 6.6 5 2.6% (mean 5 s.e.m, n=14)
although this effect was not significant (p>0.05). ISO (0.1 or 1 mM) decreased
cell viability by 40.95 2.7 and 51.45 3.25 % respectively (n=14, p<0.01).
However, when ISO (0.1 or 1 mM) was added in the presence of 8-CPT
(20 mM), cell viability decreased by only 25.4 5 3.6 and 28 5 2.3% (n=14,
p<0.05) respectively. These data suggest that activation of Epac may protect
ARVMs against the cytotoxic effects of sustained b1-adrenergic activation.
One possible explanation for the effect of 8-CPT is Epac-dependent Akt/
PKB phosphorylation, which has been reported to protect against NO-
induced apoptosis in cardiac myocytes (1).
Hyun-Jeong et al., (2008) Cellular Signalling 20 803-814
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Single stem cell-derived human cardiomyocyte (SC-hCM) electrophysiolo-gy
is a valuable tool to assess cardiac risk associated with drugs (Peng 2010,
Ma 2011). However, impedance-based measurement of SC-hCM contractile
activity (Roche xCELLigence RTCA Cardio system) adds a new dimension
to cardiac risk assessment as events downstream of excitation-contraction cou-
pling can now be investigated in a higher throughput assay. SC-hCMs show
spontaneous contractile activity resulting in transient changes in impedance
(impedance twitches). We performed a series of pharmacological studies to in-
vestigate the mechanisms underlying this transient behavior in iCELL cardio-
myocytes (Cellular Dynamics International). Here we show that impedance
twitches are dependent on calcium entry since calcium channel blockers
(verapamil, nifedipine) and agonists (FPL64176) decrease and increase twitch
amplitude, respectively. Twitch frequency is slowed by the HCN channel
blocker ZD7288 (3358% @ 300 nM), a phenomenon associated with prolon-
gation of relaxation by 2657% (n=5, p<0.05), but independent of changes
in amplitude. b-adrenergic stimulation increases twitch frequency and ampli-
tude, and shortens the time to peak and twitch relaxation time, consistent
with results from other cardiac preparations. Impedance twitch activity reflects
contractile activity since it is completely obliterated by the myosin II inhibitor
blebbistatin at concentrations that do not affect the shape or frequency of the
spontaneous action potentials. These results suggest that several aspects of
the excitation-contraction coupling mechanism observed in adult cardiomyo-
cytes are intact in SC-hCMs, including the dependence of the twitch con-
traction on Ca2þ entry and the regulation of contraction by frequency and
b-adrenergic stimulation.
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The rate of cross-bridge cycling, a fundamental determinant impacting cardiac
output, is usually measured in permeabilized muscle preparations and under
non-physiological conditions. In order to gain a better understanding of mech-
anisms that regulate this kinetic parameter, we developed a novel method
for measuring rate of tension redevelopment (ktr), an index of cross-bridge cy-
cling kinetics, in intact cardiac trabeculae under physiological conditions. We
were able to measure ktr in rat, rabbit, canine and failing human cardiac trabec-
ulae. The ktr at Lopt (optimal length) was 27.75 3.3 s
1 for rats (n = 11), 12.45
1.2 s1 for rabbits (n = 6), 14.05 1.8 for canine (n =2) and 14.55 1.8 s1 for
failing human myocardium (n=3). using this technique we investigated the role
of muscle length in regulation of cross-bridge cycling kinetics. In cardiac
